(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date 
1 April 2004 (01.04.2004) 




(10) International Publication Number 

PCT WO 2004/026017 A3 



(51) International Patent Classification 7 : B21C 37/30 

(21) International Application Number: 

PCTAJS2003/025742 

(22) International Filing Date: 18 August 2003 (18.08.2003) 

(25) Filing Language: English 

(26) PubBcation Language: English 

(30) Priority Data: 

60/412.177 20 September 2002 (20 09.2002) US 

(71) Applicant {for alt designated Stales except US): EN VEN- 
TURE GLOBAL TECHNOLOGY [US/US); 16200 A 
Park Row, Houston, TX 77084 (US). 

1 (72) Inventors; and 

Z (75) Inventors/Applicants {for US only): SHUSTER, Mark 



[US/USI; 19 II 5 Prospect Ridge Lane, Houston, TX 77094 
(US). RING, Lev (US/US); 14126 Healherhill Place, 
Houston, TX 77077 (US). 

(74) Agents: MATTINGLY, Todd et ah; Haynes and Boone, 
LLP, 1000 Louisiana Street. Suite 4300, Houston, TX 
77002-5012 (US). 

(81) Designated States (national): AE. AG, AL, AM, AT, AU t 
AZ, BA, BB, BG, BR, BY. BZ, CA, CH, CN, CO. CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI. GB, GD. GE, GH, 
GM, HR. HU. ID. IL. IN. IS, JP, KE. KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN. MW. 
MX, MZ, NO. NZ, OM, PH. PL, PT. RO, RU, SC, SD, SE, 
SG, SK, SL TJ, TM, TN, TR, TT t TZ, UA, UG, US. UZ, 
VC, VN. YU.ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW. MZ, SD. SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM\ 
European patent (AT, BE, BG. CH. CY, CZ, DE, DK, EE, 

(Continued on next page] 



= (54) Title: RESIDUAL STRESSES IN EXPANDABLE TUBULAR CASING 



IP 



< 




(57) Abstract: An elongated section of steel 
tubing (30) has an outer circumferential surface 
and an inner circumferential surface defining 
an elongated axial passage through the tubing. 
An expansion mandrel (10) is moved through 
the tubing for radially expanding the tubing. An 
impact member (40) is provided for travel through 
the length of the axial passage. A plurality of 
movable impactors (42) are mounted to extend 
from the impact member. The impactors are driven 
for repeated contact with the inner circumferential 
surface as the impact member is moved through 
the tubing subsequent to the expansion mandrel 
for contacting the expanded inner circumferential 
surface along the entire length of the axial passage. 
Movement of the impactors is ultrasonic. 
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(57) Abstract: An elongated section of steel tubing (30) has an outer 
circumferential surface and an inner circumferential surface defining 
an elongated axial passage through the tubing. An expansion 
mandrel ( 10) is moved through the tubing for radially expanding the 
tubing. An impact member (40) is provided for travel through the 
length of the axial passage. A plurality of movable impactors (42) 
are mounted to extend from the impact member. The impactors are 
driven for repeated contact with the inner circumferential surface as 
the impact member is moved through the tubing subsequent to the 
expansion mandrel for contacting the expanded inner circumferential 
surface along the entire length of the axial passage. Movement of 
the impactors is ultrasonic. 
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AMENDED CLAIMS 

[received by the International Bureau on 27 July 2004 (27.07.04); 
new claims 24-49; remaining claims unchanged 1-23 (4 pages)] 

moving an expansion mandrel through the tubing for radially expanding the tubing, 

the mandrel combined with Ihe impact member so that the impactors contact the inner 

circumferential surface along the length of the axial passage after expansion, 

21 . An apparatus for treating steel tubing comprising: 

an elongated section of stee] tubing having an OD and an ID defining an elongated 
axial passage through the tubing; and 

an impact member rnovably positioned in the passage, the impact member including 
means for impacting the ID of the tubing sufficient to increase negative tensile residual stress 
at the ID. 

22. A method for treating steel tubing comprising: 

providing an elongated section of steel tubing having an OD and an BO defining an 
elongated axial passage through the tubing; and 

moving an impact member through the passage for impacting the ID of the tubing 
sufficient to increase negative tensile residual stress at the ID. 

23. A method for treating steel tubing comprising: 

manufacturing an elongated section of steel tubing having an OD and an ID defining 
an elongated axial passage through the tubing; and 

positioning and moving a mandrel throng the passage sufficient to increase negative 
tensile residual stress at the ID 



24. An apparatus for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising; 

a support member adapted to extend into tte wellbore casing; 

an impact member coupled to the support member; 
a plurality of movable impactors mounted to extend from the impact member; and 
an impact driver connected to move the impactors into repeated contact with an interior surface of the 

wellbore casing which circurnferentially surrounds the impact member. 

25. The apparatus of claim 24 wherein the impactors are reciprocally movable. 

26. The apparatus of claim 24 wherein the impact member is rotatabry movable. 



27. The apparatus of claim 24 wherein the movement of the impactors is ultrasonic. 

28. A method for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising: 

8 



AMENDED SHEET (ARTICLE 19) 



WO 2004/026017 



PCT/US20U3/025742 



impacting an interior surface of the wellbore casing to adjust residual stresses within the wellbore 
casing. 

29. The method of claim 23 further comprising: 

reciprocally impacting an interior surface of the wellbore casing to adjust residual stresses within the 
wellbore casing. 

30. The method of claim 28 further comprising: 

rotatably impacting an interior surface of the wellbore casing to adjust residual stresses within the 
wellbore casing. 

3 1 . The method of claim 28 further comprising: 

ultrasonically impacting an interior surface of the wellbore casing to adjust residual stresses within the 
wellbore casing. 

32. An apparatus for treating a wellbore casing positioned within a wellbore mat traverses a 
subterranean formation, comprising: 

an impact member; 

a plurality of movable impactors mounted to extend from the impact member, 
an impact driver connected to move the impactors into repeated contact with an interior surface of the 

wellbore casing circumferential ly surrounding the impact member, 
an expansion device coupled to the impact member movable along the interior surface for radially 

e?:pfmding the wellbore casing; and 
the impact member positioned to follow the e^ansion device through the wellbore casing, 

33. The apparatus of claim 32 wherein the impact member is in a housing separate from the 
expansion device. 

34. The apparatus of claim 33 wherein the impactors reciprocate radially from the housing. 

35. An apparatus for treating steel tubing comprising: 
an impact member; 

a plurality of movable impactors mounted to extend from the impact member, 
an impact driver connected to move the impactors into repeated contact with an interior surface of the 

tubing circumferentially surrounding the impact member; and 
an expansion device combined wiih the impact member and movable along the interior surface for 

radially expanding the tubing. 

9 



AMENDED SHEET (ARTICLE 19) 



WO 2004/026017 



PCT/US200J/025742 



36. Hie apparatus of claim 35 wherein the expansion device and the impact member are in a 
common housing- 

37. The apparatus of claim 36 wherein the impactors reciprocate from the housing. 

3 8. The apparatus of claim 35 wherein the steel tubing comprises ; 

a wellbore casing positioned within a weilbore that traverses a subterranean formation. 

39. A method for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising: 

providing an impact member for travel through the wellbore casing; 
mounting a plurality of movable impactors to extend from the impact member, 
driving the impactors for repeated contact with an inner circumferential surface of the wellbore 
casing; 

moving an expansion device through the wellbore casing for radially expanding the expansion device; 
and 

moving the impact member through the wellbore casing subsequent to the expansion device so that 
the impactors contact the expanded inner circumferential surface along (he length of the 
wellbore casing. 

40. The method of claim 39 further comprising: 

providing a housing for the impact member. 

41 . The method of claim 40 further comprising: 

reciprocating the impactors radially from the housing. 

42. The method of claim 40 further apprising: 

rotating the impact member. 

43 . The method of claim 40 further comprising: 

reciprocating the impact members and rotating the housing. 

44. A method for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising: 

providing an impact member for travel through the length of the wellbore casing; 
mounting a plurality of movable impactors to extend from the impact member, 
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driving the impactors for repeated contact with an inner circumferential surface of the weltborc 
casing; and 

moving an expansion device through the wellbore casing for radially expanding the wellbore casing, 
the expansion device combined with the impact member so that the impactors contact the 
inner circumferential surface along the length of the wellbore casing after expansion. 

45 . An apparatus for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising: 

an impact member movably positioned in the wellbore casing, the impact member including means 
for impacting the ID of the wellbore casing sufficient to increase negative tensile residual 
stress at the ID. 

46. A method for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising; 

moving an impact member through the wellbore casing for impacting the ID of the wellbore casing 
sufficient to increase negative tensile residual stress at the ID. 

47. A method for treating a wellbore casing positioned within a wellbore that traverses a 
subterranean formation, comprising; 

positioning and moving an expansion device through the wellbore casing sufficient to increase 
negative tensile residual stress at the ID. 

4o. A method for treating a wellbore casing positioned v?iihiu n wellbore that fcrcerses ft 

subterranean formation, comprising: 
radially expanding and plastically deforming the wellbore casing within the wellbore; and 
adjusting residual stresses within the radially expanded and plastically deformed wellbore casing. 

49. A system for treating a wellbore casing positioned within a wellbore that traverses a 

subterranean formation, comprising: 
means for radially expanding and plastically deforming the wellbore casing within the wellbore; and 
means for adjusting residual stresses within the radially expanded and plastically deformed wellbore 

casing. 
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